Social Security Administration W-2 records contain employee annual tax-deferred contributions for 1990-2003 and sufficient information to calculate tax-deferred contributions for 1984-1989. We use this information to compare tax-deferred contribution profiles of three cohorts of respondents in the Health and Retirement Study to determine whether younger cohorts saved relatively more at the same stage of the life cycle than had older cohorts. We find that participation in tax-deferred retirement plans increased substantially for all cohorts from 1984 to 2003, and that respondents in more recent cohorts were more likely to participate in such plans than respondents of the same ages in the earliest cohort. Their contributions as a percent of earnings were not significantly larger than those of the earliest cohort, however. Despite the increased availability of these employer-provided plans throughout this period, participation rates and contribution amounts remained low among respondents in the lower half of the earnings distribution.
Introduction
The shift in recent decades from defined benefit to defined contribution plans has been well documented. Using U.S. Department of Labor data, Buessing and Soto (2006) report that among workers covered by pension plans, the proportion of those covered solely by a defined contribution plan increased from 17 percent in 1980 to 58 percent in 1999. Facilitated by statutory increases in contribution limits to DC plans, overall contributions to such plans increased substantially over the same period (Poterba, Venti and Wise, 2008) . 1 Due to this shift in the pension environment, the income available to workers in retirement will increasingly depend on assets accumulated in tax-deferred retirement accounts.
Employees covered by these plans who begin contributing early in their working lives, contribute regularly, and do not withdraw money from their accounts, will be able to accumulate sizable account balances by the time they retire. Different birth cohorts of workers are likely to be affected differently by this shift in the pension environment, however. More recent cohorts, who have spent more of their working lives covered under such plans, will have had more time to contribute to their plans and thus are likely to have accumulated larger account balances at a given age compared to earlier cohorts. Other differences across cohorts, such as educational attainment and the proportions of women in the labor force, may also result in cohort differences affecting contribution amounts and patterns of contributions over time.
Life-cycle saving theory suggests that individuals will save more in the latter part of their working lives when their earnings are higher relative to their consumption needs. We would thus expect to see that both participation in tax-deferred retirement plans (defined here as contributing to a plan in a given year), as well as contribution amounts, would increase with age for any given cohort. We use Social Security W-2 earnings records linked to survey information from the Health and Retirement Study to examine the participation in tax-deferred accounts of three birth cohorts born between 1931 and 1953. We use this information to determine whether recent cohorts were more likely to contribute to plans, and to make larger contributions to their plans, at the same stage of their life cycle than the earliest cohort. We address a number of questions related to participation in tax-deferred retirement plans. Did the three HRS cohorts (born 1936-41, 1942-47, and 1948-53) differ with respect to their participation and contributions in 1991, 1997 , and 2003 when they were of the same ages (50-55)? What trends regarding participation and contributions do we observe over time for each of these cohorts? What are the trends in participation and contributions by age in a given year and by cohorts as each cohort ages? Finally, do we observe different patterns of participation by earnings level?
We find that participation in tax-deferred retirement plans increased substantially from 1984 to 2003 in all cohorts, and that respondents in more recent cohorts were more likely to participate in tax-deferred plans than those of the same ages in the earliest cohort. Their contributions as a percent of earnings were not significantly larger than those of the earliest cohort, however. We also find that despite the increased availability of employer-provided taxdeferred plans throughout this period, participation rates and contribution amounts remained low among respondents in the lower half of the earnings distribution.
The next section describes previous research using Social Security Administrative data.
The following section discusses our data drawn from the Health and Retirement Study and linked to Social Security administrative records. Section four examines patterns of participation and annual contributions to tax-deferred retirement accounts. The last section summarizes our findings.
Previous Findings using Social Security Administrative Data
Four recent studies have used data from Social Security Administration (SSA) W-2 records to examine trends in contributions to tax-deferred retirement plans. Cunningham and Engelhardt (2002) use panel data from W-2 records to examine the responsiveness of 401(k) savings to taxation, employer matching, and lifecycle factors among respondents in the original 1992 HRS cohort. They find that, between 1984 and 1991, the proportion of their sample making tax-deferred contributions increased from 45 percent to 69 percent. Over the same period, the median contribution among those with positive contributions increased from $1,350 to $1,854, and the mean contribution as a percent of earnings increased from 5.6 percent to 7.3 percent. Their estimates also indicate that older workers on average had larger tax-deferred contributions and that there was an upward trend in annual 401(k) contributions over this period. Pattison and Waldron (2008) , using data from a 0.1 percent sample of the overall SSA Master Earnings File on the entire working population, examine trends between 1990-2001 in tax-deferred contributions. They find that the proportion of workers making contributions, as well as contributions rates, increased at all earnings levels over this period, but that the increase was smaller among low-earnings workers. They also find that, in all three selected years (1990, 1995, 2001) , the participation rate increases with age up to the mid-50s and then declines for both men and women. Smith, Johnson and Muller (2004) 2001, on average 27 percent of workers ages 20-69 contributed to tax-deferred retirement accounts and that the participation rate increased with age up to the late fifties and then declined.
They also find that the annual contribution amount increased with age from less than $2,000 for respondents in their twenties to about $4,500 for those in their fifties and sixties, and that the median contribution rate (contributions as a percent of earnings) also increased with age from about four percent for those in the early stages of their working life to about eight percent for those in their sixties. Kawachi, Smith, and Toder (2005) use W-2 records linked to SIPP data from the 1992, 1996 and 2001 panels to examine trends in the shares of employees ages 20-69 who contributed the legal maximum to their defined contribution accounts as statutory contribution limits increased over time. They find that the percentage of workers who contributed the maximum amount increased between 1990 and 2003 from 3.5 to 7.5 percent and that workers ages 50 and older were more likely to contribute the maximum than workers under the age of 30. In addition, workers in a given birth cohort were more likely to contribute the maximum as they aged and, at a given age, workers in more recent cohorts were more likely to contribute the maximum than workers in earlier birth cohorts
Data
Our sample is drawn from the Health and Retirement Study, a longitudinal, nationally representative survey of older Americans over the age of 50 and their spouses of any age. The first wave of interviews was conducted in 1992 and follow-up interviews were conducted every other year thereafter. In this analysis we restrict our samples to survey respondents born in An important feature of the data is that respondents in each of these cohorts were asked in their first interview (either in 1992, 1998, or 2004) to give permission for their Social Security benefits and earnings records to be linked to their survey information.
2 Respondents in the HRS cohort were asked for permission to release their records again in 2004 regardless of whether they had given consents in 1992. This approach was undertaken in order to obtain consents not only from those who had initially refused to release their records in 1992 but also to update the earnings and benefits records up to year 2003 for those who had given earlier consents. In the WB cohort, only respondents who initially refused to release their records were asked again in 2004. These later consents resulted in a near doubling of the HRS and WB cohort samples with information on tax-deferred contributions. Members of the EBB were asked to give consents when they entered the survey in 2004. Appendix Table 1 indicates the sizes of samples of respondents in each birth cohort when they were first interviewed and the proportions of those who consented to the release of their Social Security administrative records by permission year.
Social Security earnings records contain information from the Internal Revenue Service Form W-2 filed by employers to report salaries and benefits paid to employees. For each job held by a respondent in a given year, the record contains information on the annual compensation subject to federal income taxation (which includes wages, tips and other compensation), the 2 See Olson (1999) and Mitchell, Olson and Steinmeier (2000) for discussions of these data. The information on Social Security benefits and detailed earnings of respondents who gave permission for the release of their records is available to researchers on a restricted basis only. Table 2 indicates the Social Security taxable earnings maximum, the maximum limit of tax-deferred contributions, national average wage, and the median and median of FICA earnings of our overall sample over the period of our study. We exclude respondents whose total compensation in a given year is above the total maximum of Social Security (FICA) earnings because we cannot calculate their tax-deferred contributions. Table 3 indicates, by year of consent, the years in which tax-deferred contributions are either available or calculated, the years in which detailed earnings records are available, and the periods over which we are able to investigate participation and contribution patterns. Appendix Table 4 indicates the age range of respondents over the period of our study and maps respondents' ages at each interview year by cohort. The ages of our overall sample range from 31-53 in 1984 to 50-72 in
2003.
We merge respondents' demographic survey information, including birth year, age, gender, race/ethnicity, education, and marital and health status, with the information on their taxdeferred contributions from their Social Security earnings records. contribution. In 1991, the maximum earnings subject to Medicare taxation was raised to $125,000 compared to the Social Security taxable maximum of $53,400.
Our samples, for each year 6 It is worth noting that we cannot determine from the information in the earnings records whether employees' contributions are voluntary or mandatory, or whether the employer matches employee contributions. Our focus in this investigation is to identify participation in tax-deferred plans among respondents in the Health and Retirement Study. Our outcomes of interest are the participation rate and the annual contribution amount, the latter both in absolute terms and as a percentage of earnings. We define the participation rate for a given year as the proportion of respondents with FICA earnings who made tax-deferred contributions to a defined contribution plan in that year, as reported in their W-2 records.
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We first examine differences among the three HRS cohorts when they were of the same age with respect to each of our outcomes of interest: participation, contributions, and contribution rates. We then compare changes in participation and contributions from [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] for each of the three birth cohorts. Finally, we examine age and cohort patterns (age profiles for selected years and cohort profiles by age) in these outcomes of interest.
We calculate the annual median contribution and median contribution rate among respondents making contributions in that year.
Findings

Differences between cohorts of the same age.
We first compare participation rates, contributions, and contribution rates (contributions as a proportion of earnings) of respondents in the HRS, WB and EBB cohorts at ages 50-55, their ages one year prior to entry into the HRS survey and the ages for which we have their Social 7 Our participation rate is defined on all employees because we cannot determine from the W-2 record data which employees were offered a tax-deferred plan.
Security records.
8 Figure 1a shows participation rates and median contributions for each of the three cohorts, revealing that participation rates among respondents ages 50-55 differed substantially between the three cohorts and time periods.
Thus, respondents in the original HRS cohort are ages 50-55 in 1991, the WB cohort, ages 50-55 in 1997, and the EBB cohort, ages 50-55 in 2003. 9 8 If respondents gave consents at the time of their first interview, for example in 1992, their earnings records are available up to the prior year (in this example, to 1991) because the consent form asks for permission to use information for prior years and not for the current or future years.
Respondents in the original HRS cohort were the least likely to participate in tax-deferred retirement plans (31 percent in 1991). Respondents in the WB cohort, however, were more likely to participate (41 percent) than respondents in the later EBB cohort (37 percent). This pattern is also evident with respect to contribution amounts.
Respondents in the WB cohort contributed substantially more to their plans than respondents in either the HRS or EBB cohorts. The lower participation rate and smaller contributions of the more recent EBB cohort compared to the earlier WB cohort may be a consequence of the relatively large size of the EBB cohort and the resulting difficulty that members of this cohort faced when they entered the labor market. Figure 1b indicates that contributions relative to earnings are nearly identical (about 5.5 percent) in the three cohorts, lending support to the premise that the early labor market disadvantage of the EBB cohort may have had lasting consequences. In all three cohorts, participation rates and median contributions increase with education and earnings (Appendix Table 5 ). In addition, married respondents, whites, and males are more likely to participate in plans and to make larger annual contributions. It is important to note that these observed differences in participation, contributions, and contribution rates between the three cohorts may be due to cohort differences (younger cohorts may be more likely to participate in tax-deferred retirement plans) or to differences over time (tax-deferred plans having become more prevalent in recent years).
Trends over time
Appendix Table 7 Finally, we examine participation rates, median contributions, and median contribution rates by earnings quartiles from 1984 to 2003 (Appendix Table 8 Median contribution rates in the upper three quartiles remained fairly steady over time, with those in the fourth quartile increasing from 4.5 percent to 7 percent (Figure 4c ). In contrast, contribution rates of respondents in the lowest earnings quartile increased substantially from the mid-1980's to the early 1990's, fluctuated throughout the 1990's, and declined thereafter. These relatively large changes in the contribution rate among respondents in the lowest earnings quartile may reflect changes over time in earnings rather than contributions, as this group may be more likely to move in and out of the labor force in a given year.
Age and Cohort Profiles: Cross-section and cohort views
We now examine our three outcomes of interest (respondents' participation in taxdeferred plans, their annual contributions, and their contributions relative to their annual earnings) to determine whether there are systematic variations among respondents by age, time period, and cohort. This analysis will reveal whether respondents at different ages in a given year are more or less likely to participate in or contribute to a tax-deferred plan (on the assumption that there are no cohort differences among them), and whether participation rates and contributions of respondents in a given cohort change as they age (assuming they do not change over time).
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We first examine differences in outcomes by age and time, assuming there are no cohort differences among the respondents in our sample born 1931-53. Appendix Table 9 and Figures 11 Age, period, and cohort effects cannot be separately identified because they do not vary independently, even in panel data. This identification problem is discussed in a number of contexts in Hobcraft, Menken, and Preston (1982) , Hanoch and Honig (1985) , MaCurdy and Mroz (1995) , Paxton (1996) , and Chen, Wong, and Lee (2001) , Rentz and Reynolds (1991) , and Ameriks and Zeldes (2004) .
5a-c indicate participation rates, median contribution amounts, and median contribution rates by age for 1991, 1997, and 2003 , the years prior to the first interview in which each cohort entered the survey; to these years, we add 1985, six years prior to this sequence, to reflect these outcomes at earlier ages. The first two symbols in each line in figures 5a-c represent the EBB cohort (the youngest), the next two represent the WB cohort, and the last four represent the HRS cohort (the oldest). Figure 5a indicates that participation rates at given ages have generally We next partition each of the three Health and Retirement Study cohorts into three-year birth cohorts in order to examine in greater detail the patterns of participation and contributions in tax-deferred plans among these cohorts as they age. 1942-44 and 1945-47) , and the original HRS cohort into four subgroups (1931-32, 1933-35, 1936-38, and 1939-41) .
Figures 6a-c and Appendix Tables
10a-c present the participation rates, median contribution amounts, and median contribution rates by cohort as each of these three-year cohorts age. Figure 6a indicates that the participation rate of each of these cohorts increases as its members age, peaking in their fifties then declining, revealing a hump-shape pattern. This pattern of increased participation most likely reflects the growing popularity of tax-deferred plans over this period, although we cannot disentangle this effect from the increasing age of these cohorts. We cannot, in other words, determine whether the period or age effect is stronger when both influences move in the same direction. In each cohort, participation rates eventually decline with age, suggesting that the age effect becomes stronger than the period effect in the older age range of each cohort. The decline in participation may reflect older workers moving into part-time or lower-paying jobs, thus limiting their opportunities and/or incentives to participate in tax-deferred plans. We also observe that members of more recent cohorts in their mid-fifties have higher participation rates than those of earlier cohorts of the same ages, ranging at ages 53-55 from a rate of about 10 percent in the cohort born in 1931-32 to a rate of 50 percent in the cohort born 1945-47. Figure 6b indicates that median annual contributions increased for all cohorts as they aged, from about $1,500 in their early thirties to about $3,000 in their late fifties, after which contribution amounts decline sharply. This observed upward trend in contributions may reflect an age effect (increasing contributions with age) or a period effect (larger contributions as taxdeferred plans became more popular); the two influences cannot be disentangled, however. In contrast to the pattern observed in Figure 6a , cohort lines are nearly indistinguishable, suggesting that there are no substantial differences among cohorts with respect to contribution amounts.
Finally, Figure 6c indicates that contribution rates increase only marginally with age, from about four percent in the late thirties to about seven percent in the early sixties. Contribution rates, furthermore, are nearly identical across cohorts, diverging only at ages 65-67. These patterns suggest that, on average, neither period nor age effects are important in determining contribution rates and that respondents, perhaps due to inertia, do not substantially change their contribution rates over their working lives.
Conclusion
Merging Social Security earnings records with data from the Health and Retirement Study, we find that participation in tax-deferred retirement plans increased substantially in all cohorts from 1984 to 2003. Respondents in the WB cohort were more likely to contribute to a tax-deferred plan than respondents of the same ages in the HRS cohort. However, the participation rate of the EBB cohort was lower than that of the WB cohort, which may reflect their relatively less favorable earnings experience throughout their working life.
Throughout the period of our analysis, while the overall participation rate increased, it remained unchanged at below 20 percent for respondents in the lowest two earning quartiles.
Furthermore, median annual contributions of those in the lowest three quartiles remained at $2,000 or less. In contrast, the participation rate of those in the highest quartile increased from about 20 percent in 1984 to 60 percent in 2003, and the median annual contribution increased from about $2,000 to $6,000. These findings suggest that respondents in the highest earnings quartile benefited most from the increased availability of employer provided tax-deferred plans.
Our findings also reveal that the pattern of participation by age changed over this period.
In the early years, participation rates in these plans initially increased with age but then remained constant through respondents' late fifties. In more recent years, participation rates initially increased with age but then decline sharply in respondents' late fifties. In contrast, median contribution rates increased with age from approximately four percent of earnings among respondents in their early forties to about seven percent among respondents in their early sixties.
At the same age, respondents in 2003 were more likely to contribute to tax-deferred plans than in 1984 or 1991, a trend reflecting either a period effect or cohort effect, or both.
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